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ABSTRACT
Objective: Thermoplastic retainers are believed to be able to change the ecosystem for the oral cavity microflora. To prevent oral tissue damage, 
it is vital that retainers are subjected to appropriate cleaning techniques. This study compared the effectiveness of two disinfectants in cleaning 
thermoplastic retainers against Gram-positive bacteria in the dental plaque layer.
Methods: The two disinfectants used in this study were Polident and 0.1% chlorhexidine gluconate. We performed laboratory studies on Gram-
negative bacteria using a single-blind setup, with three groups of subjects, each with 13 participants.
Results: The results showed that there was a significant reduction in the number of Gram-positive bacterial colonies in the dental plaque layer on 
retainers cleaned with Polident compared with the control, whereas cleaning the retainer with 0.1% chlorhexidine gluconate showed no significant 
difference in the number of Gram-positive bacteria compared with the control.
Conclusion: We conclude that there is a significant difference in the number of Gram-positive bacteria on the teeth before and after insertion of a 
thermoplastic retainer in Polident solution, whereas immersion in Minosep did not reduce bacterial numbers compared with that in the control.
Keywords: Thermoplastic retainer, Bacterial colony count, Chlorhexidine gluconate, Dental plaque.
INTRODUCTION
Among the treatment goals in orthodontics are the maintenance 
of occlusal stability after correction and the correct position of the 
teeth after active orthodontic treatment [1,2]. A retainer is used 
to maintain the stability and to prevent relapse. A retainer can be 
removable or fixed. The types of removable retainer are the Hawley 
and thermoplastic retainers, whereas fixed retainers include bonded 
lingual retainers [1,2].
Currently, various types of retainers have been developed. Removable 
retainers are the most frequently used. According to Proffit (2007), 
currently, thermoplastic retainers are more commonly used because 
they are not only easy to use but also have good esthetic appearance. 
Thermoplastic retainers are made of clear polyester which covers the 
entire palatal, labial, and lingual side of the teeth and gingiva [3].
Although the main purpose of a thermoplastic retainer is to maintain 
occlusal stability, it can also affect oral tissues. A thermoplastic retainer 
can act as a medium for plaque retention, increasing the risk of oral 
tissue damage. Therefore, proper cleaning techniques are necessary to 
prevent the buildup of plaque on these retainers [3].
Some retainer cleaning techniques using disinfectant solutions have 
been developed to date. Based on the research by Peixoto et al. [4], 
chlorhexidine was shown to be very effective in cleaning an acrylic 
base, which is often used in removable retainers. It was also effective 
in reducing the number of colonies of Streptococcus mutans compared 
with the control group.
Lessa et al. compared the efficacy of disinfectant constituents on 
retainers; they compared the efficacy of 0.12% Periogard solution 
(active ingredient, chlorhexidine gluconate) and Cepacol (0.05% 
cetylpyridinium chloride solution) with sterile water as the control. The 
results of the study showed that Periogard was the most effective in 
reducing the number of S. mutans colonies and development of biofilm 
on the acrylic layer of the retainer, while Cepacol also proved to be 
effective compared with the control [5].
This study aimed to describe the evaluation of cleaning techniques using 
disinfectant solutions on thermoplastic retainers. The aim of this research 
was to compare the efficacy of two disinfectants 0.1% chlorhexidine 
digluconate (Minosep) and Polident (containing sodium perborate 
monohydrate, sodium polyphosphate, potassium peroxymonosulfate, 
and ethylenediaminetetraacetic acid), which are commonly used for 
cleaning thermoplastic retainers, against dental plaque in the form of 
Gram-positive bacterial colonies in the oral cavity. These disinfectant 
solutions are used to prevent caries lesions when wearing thermoplastic 
retainers so that the good occlusal stability can be maintained and the 
retainer used following orthodontic treatment remains effective.
METHODS
The research used a randomized clinical trial study design. The 
research was conducted in the Orthodontic Clinic of Dental Hospital, 
Faculty of Dentistry, University of Indonesia. The colony count assays 
were performed in the Microbiology Laboratory, Faculty of Dentistry, 
Universitas Indonesia. Sample collection was carried out by taking 
a swab from the tooth surface of each subject at certain time points 
before and after using a retainer and after using a retainer which had 
been cleaned by disinfectants.
The subjects of this research were students of the Faculty of Dentistry, 
University of Indonesia, who met the following criteria for inclusion: 
18–38 years of age, good oral hygiene, healthy periodontal tissue 
condition, absence of caries, not consuming antibiotics in the 
preceding 2 weeks, no systemic disease, not pregnant, not fitted with 
prosthodontic appliances, nonsmoker, and good dentition alignment. 
The criteria of exclusion were poor oral hygiene, history of systemic 
disease, pregnancy, and consumption of antibiotics.
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The variable used in this research was the number of colonies of Gram-
positive bacteria in the three sample groups, with each group consisting 
of 13 randomly selected subjects. The subjects of the first group 
immersed their retainers in Polident solution, those of the second 
group immersed their retainers in 0.1% chlorhexidine gluconate 
solution, and those of the third group immersed their retainers in 
aquades (control) [6,7].
Each subject wore a retainer all the time, except while eating, for 
15 days. Before wearing the retainer, subjects were instructed about 
maintaining oral hygiene at home. On the first visit, a thermoplastic 
retainer was fitted in each subject. After 24 h, an early swab was 
collected on the on the entire first molar from the left to the right first 
molar. The swab was collected from the labial side of the teeth with a 
sterile cotton swab, followed by microbial analysis. The Polident group 
immersed their retainer for approximately 5 min in 120-ml mineral 
water in which one Polident tablet was dissolved. This process was 
carried out each day for 15 days. The Minosep group immersed their 
retainers for 10 min in 60-ml Minosep solution once every 4 days for 
15 days. The control group immersed their retainers in distilled water 
for approximately 5 min every day for 15 days. For all the three groups, 
the retainer was immersed in a standard container provided for each 
subject. On day 15, a swab was collected from each subject, which was 
then subjected to further microbial analysis.
The bacteria on the swab were then cultured in TYSB20 medium. The 
results were obtained by counting the number of colonies two times 
and calculating the average. This research used a single-blind technique 
to help reduce any possible bias; the subjects did not know the type of 
disinfectant given [7].
RESULTS
The initial number of subjects was 39 (three groups, 13 replicates 
per group), but the final sample size was 35 because some subjects 
consumed antibiotics, forgot to treat their retainer, or were not present 
when the immersion/swabbing processes were conducted. This 
resulted in a reduction of the strength of this research from 90% to 
85%; however, it was still acceptable because it was within the specified 
limits.
The bacteria in the swab were allowed to multiply by incubation to 
obtain more accurate estimates of bacterial density. Before the number 
of colonies per plate was counted, each colony on the plate was picked 
and stained for Gram-positive bacteria. The Gram-positive bacterial 
colonies were found to be round, small, and golden yellow, with a clear 
border, and were not obvious to the naked eye.
Interobserver test was performed by selecting three samples from each 
group and at each time point. A paired t-test was performed because 
the data were normally distributed. The results obtained at the initial 
counting had p value of 0.89 and those at the final counting had p values 
of 0.70, suggesting that there was no statistical difference between 
the researchers’ observations (p>0.05 was considered statistically 
significant) (Tables 1-3).
After Gram-positive bacterial colonies were counted before and after 
treatment in each group, a distribution test was conducted. Based on 
its results, it was concluded that the data distribution approximated to 
normality. Group A (treatment with Polident) had a maximum count of 
Gram-positive bacteria of 1050 cfu/mL and minimum of 255 cfu/mL, 
with a mean count of 678.36 cfu/mL. Group B (treatment with Minosep) 
had a maximum count of 1020 cfu/mL and minimum of 44 cfu/mL, 
with a mean count of 487.75 cfu/mL. Group C (control) had a maximum 
count of 1050 cfu/mL and minimum of 18 cfu/mL, with a mean count of 
401.27 cfu/mL (Fig. 1). The number of Gram-positive bacterial colonies 
after treatment approximated to a normal distribution. Group A had 
a maximum count of 624 cfu/mL and minimum of 223 cfu/mL, with 
a mean count of 386.54 cfu/mL. Group B had a maximum count 
of 974 cfu/mL and minimum of 50 cfu/mL, with a mean count of 
466.83 cfu/mL. Group C had a maximum count of 748 cfu/mL and 
minimum of 20 cfu/mL, with a mean count of 383.81 cfu/mL. Normality 
test on the count difference approximated to a normal distribution. 
Group A had a maximum count of 546 cfu/mL and minimum of 
25 cfu/mL, with a mean count of 291.8 cfu/mL. Group B had a maximum 
count of 47 cfu/mL and minimum of −16 cfu/mL, with a mean count of 
Table 1: Characteristics of research subjects
Group Age (years) Sex n
A 18–27 Female: 11 11
Male: 0
B 20–28 Female: 10 12
Male: 2
C 19–27 Female: 10 12
Male: 2
Fig. 1: Numbers of Gram-positive bacterial colonies before 
treatment in (A) Polident, (B) Minosep, and (C) control groups
Fig. 3: Numbers of Gram-positive bacterial colonies after 
treatment of the retainer with Polident (A), Minosep (B), and 
control (C)
Fig. 2: Results of Gram-positive bacterial culture on agarose 
medium from swabs from a retainer before (a) and after 
(b) immersion in Polident. The colonies are round, small, golden 
yellow, and not prominent. The larger colonies are of fungi
a b
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19.2 cfu/mL. Group C had a maximum count of 75 cfu/mL and minimum 
of −22 cfu/mL, with a mean count of 7.45 cfu/mL (Figs. 2-6).
As the data approximated to a normal distribution, a paired t-test was 
used to evaluate the changes in the numbers of Gram-positive bacterial 
colonies before and after treatment in each group. Based on the results 
of t-test analysis, it was found that there were significant differences 
in the numbers of colonies of Gram-positive bacteria before and 
after treatment of the thermoplastic retainer with Polident solution. 
Furthermore, there were no differences in the numbers of colonies of 
Gram-positive bacteria on the teeth before and after treatment of the 
thermoplastic retainer with Minosep and control solutions.
One-way ANOVA revealed significant differences (n=2; p<0.001) 
between the three treatment groups. Post hoc analysis using the Tukey 
test (or Duncan’s multiple range test) was carried out to identify 
the differences among the treatment methods (Table 4). There was 
significantly more (p<0.05) number of Gram-positive bacteria on 
the teeth after treatment of the thermoplastic retainer with Minosep 
solution than with Polident solution. Furthermore, there was 
significantly (p<0.05) more number of bacterial colonies on the teeth 
after treatment of the retainer with Polident solution, but there was no 
significant difference in the number of colonies between Minosep- and 
water-treated retainers (p = 0.89).
DISCUSSION
This research was designed to determine the differences in the 
efficacies of two commercially available disinfectant solutions in 
cleaning thermoplastic retainers to help reduce the number of Gram-
positive bacteria attached to the surface of the teeth.
The two cleaning methods for thermoplastic retainers in this study 
used chemical disinfectants. The most commonly used cleaning 
solution is Minosep because it is able to eliminate biofilms, has 
antimicrobial components, and is considered sufficiently effective to 
prevent the formation of white spot, caries, and periodontal diseases. 
Table 2: Interobserver calculation data of each group before and after treatment
Group T1-1 T1-2 t-test (T1-1 and T1-2) T2-1 T2-2 t-test (T2-1 and T2-2)
A 976 943 p=0.89 540 561 p=0.70
A 1068 1050 750 768
A 1140 2153 994 720
B 1350 1333 1254 1320
B 2127 621 563 554
B 789 752 940 2164
C 1430 1460 1335 2076
C 980 2144 864 974
C 959 680 920 2039
P<0.05
Table 3: Results of normality test





Fig. 5: Differences in numbers of Gram-positive bacterial colonies 
before and after treatment with Polident (A), Minosep (B), and 
control (C)
Polident solution is often used to clean the acrylic on dentures. Sodium 
perborate monohydrate and potassium peroxymonosulfate in Polident 
are bioactive chemicals which can generate hydrogen peroxide, which 
is an antimicrobial, causes bleaching, and inhibits the growth of 
bacteria. There was no significant difference in the number of Gram-
positive bacteria on the teeth after immersion of the thermoplastic 
retainer in Minosep and control solutions (p>0.05). According to some 
studies, Minosep is an effective solution for eliminating a biofilm and 
killing Gram-positive bacteria in the oral cavity. Chlorhexidine helps to 
eliminate a biofilm and prevent bacterial attachment (e.g., of Candida 
albicans) to the retainer [8].
The results of this study were contradictory to those of Peixoto et al., 
which showed a significant decline in the number of Gram-positive 
bacteria on the retainer after immersion in 0.1% chlorhexidine 
gluconate [4]. This difference may be attributed to the fact that direct 
application of chlorhexidine, such as by rinsing and irrigation in the 
Fig. 4: Bacterial cultures from a retainer swab on agarose medium 
before (a) and after (b) treatment with Minosep
a b




B and C 0.89
Description: A group: Polident tablet B group: Minosep C group: Aquades 
*p value: 0.05
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mouth, is more effective in reducing bacterial counts and biofilm 
attachment, thereby reducing plaque accumulation.
Based on the results of the paired t-test analysis, there was a significant 
decrease in the number of Gram-positive bacteria on the teeth after the 
thermoplastic retainer was treated with Polident solution (p<0.001). 
These findings were in agreement with those of Senocak et al. [9] who 
reported that Polident solution produces hydrogen peroxide, which 
may inhibit the growth of bacteria and destroy the food remnants. 
Sodium perborate contained in Polident tablets dissolves in water to 
produce hydrogen peroxide. Peroxide produced is pure bond and not 
derivative chemical bond oxidation results. The reaction is as follows:
NaBO2(OH)2 × H2O]2 ⇆ 2 NaBO2 + 2 H2O2 + 6 H20
Sodium perborate sodium metaborate + hydrogen peroxide + water
This cleaning solution can be used on its own or combined with a 
mechanical cleaning method. Polident tablets produce hydrogen 
peroxide, which has antiseptic effects.
One-way ANOVA revealed significantly more number of Gram-positive 
bacteria on the teeth after the thermoplastic retainer was treated with 
Minosep than with Polident solution. This result was in accordance 
with that of Lee et al. [10] who compared the effectiveness of six 
cleaning techniques for dentures made of acrylic resin. They showed 
that immersion in Polident solution had a greater effect in eliminating 
biofilms and C. albicans colonies than that by immersion in 0.2% 
chlorhexidine (twice the concentration of Minosep). No significant 
difference in the number of Gram-positive bacteria was observed when 
the retainers were immersed in Minosep or water. This result was 
contrary to the result of Peixoto [4]. This discrepancy may have resulted 
because the direct application of chlorhexidine is considered to be 
more effective. Other factors that may have affected the results of this 
study include the immersion time and instructions given to the subjects 
regarding the cleaning technique. Immersion in Minosep solution was 
carried out every 4 days for 10 min, whereas that for Polident solution 
was carried out every day for 5 min. Although the immersion period for 
Minosep was longer than that for Polident, it was still not effective in 
reducing the numbers of Gram-positive bacteria on the teeth surface.
Contamination during bacterial culture and medium storage could 
also have affected the results of the current study. Despite sterilization, 
contamination may occur due to air exposure or tools used. The medium 
before incubation is very vulnerable to contamination because of the 
presence of stored media used by other researchers. Furthermore, in 
some cases, sterilization is performed with only 70% (v/v) ethanol. 
Therefore, in reducing the bias during the study, agarose medium was 
cultured through the selection process over the help of oral biology 
laboratory officer. When there was high contamination on the agarose 
medium, the culturing was repeated.
Immersion of a thermoplastic retainer in Polident solution significantly 
reduced the number of Gram-positive bacteria on the teeth compared 
with the control solution. Citric acid is one of the active ingredients 
of Polident tablets. It is an acidic disinfectant, which can damage 
bacterial polypeptides as well as reduce the environmental pH which 
negatively affects bacterial growth. Its antimicrobial nature is pH 
dependent. Furthermore, Polident contains sodium carbonate, which 
is an alkaline compound that affects the cell walls of microorganisms. 
Sodium perborate monohydrate can produce hydrogen peroxide, which 
at concentrations of 5%–20% can be bactericidal. Alkaline peroxide 
can damage the organic substances which adhere to the denture. On 
dissolving in water, the peroxide is converted to alkaline hydrogen 
peroxide, which then decomposes, releases oxygen bubbles which 
simultaneously exert a mechanical action, and eliminates biofilm layers 
from the dentures. Oxidizing agents help remove stains and commonly 
have antibacterial action [9].
CONCLUSION
Based on the results of the research, it can be concluded that there is 
a significant difference in the number of Gram-positive bacteria on the 
teeth before and after insertion of a thermoplastic retainer in Polident 
solution, whereas immersion in Minosep did not reduce bacterial 
numbers compared with that in the control.
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